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INTRODUCTION 

Extensive  river  bank  deposits  of  natural  gravels  exist 
along  the  course  of  the  Yellowstone  River  from  Yellowstone  Park 
to  the  Eastern  Montana  border,  a  distance  of  445  miles.  These 
deposits  provide  a  major  and  virtually  exclusive  source  of  high 
quality  aggregates  for  an  area  approximately  200  miles  wide  and 
300  miles  long,  and  for  1-90  and  1-94  from  Livingston  to  Glendive. 

Yellowstone  River  gravels  are  characteristically  hard, 
durable  quartzites,  argillites,  and  dark  volcanic  igneous  rocks. 
Quartzite  pebbles  and  cobbles  predominate.     Typical  gradations 
tend  towards  high  sand  fractions   (-40M)   and  low  fines   (-80  and 
-200M) . 

The  aggregates  form  strong  adhesive  bonds  with  asphalts 
and  have  almost  no  swelling  tendencies.     As  a  result,  the  re- 
sistance of  pavements  constructed  with  these  aggregates  to  mois- 
ture deterioration  is  very  satisfactory. 

Due  to  gradation  characteristics,  these  aggregates  have 
presented  great  difficulties  for  meeting  Standard  Specifications 
and  resulted  in  many  undesirable  low  friction  surfaces.  Con- 
struction contract  prices  were  somewhat  inflated  because  of 
associated  production  difficulties. 

The  purpose  of  this  investigation  was  to  develop  a  grading 
specification  that  would  provide  a  more  satisfactory  pavement  and 
be  more  compatible  with  source  characteristics  so  they  would 
lessen  production  and  construction  difficulties.  Conservation 


-1- 


of  materials,  cost  savings,  decreased  asphalt  requirements y 
higher  friction  surfaces,  and  mineral  filler  elimination  were 
associated  benefits  that  appeared  to  be  realizeable  as  the  study 
progressed . 

NATURE  OF  PROBLEM 

Bituminous  pavement  mixtures  utilizing  Yellowstone  River 

aggregates  exhibited  characteristics  associated  with  over-sanding 
when  produced  under  the  Standard  Specifications.     This  specifica- 
tion nominally  limited  the   -40M  fraction  to  a  maximum  of  251, 
however  waivers  generally  allowed  30%  and  this  figure  was  often 
exceeded  in  production.     The  high  sand  fraction  in  turn  required 
a  substantial  proportion  of  fine  particles   (-80  §  -200M)   to  fill 
void  spaces  in  the  sand.     Sufficient  fine  material  was  often  lack- 
ing and  mineral  fillers  were  resorted  to  in  many  instances  to  in- 
crease the  proportion  of  fines. 

Since  means  are  not  available  in  crushing,  screening,  and 
re-combining  operations  to  reduce  the   -40M  sizes  without  corres- 
pondingly reducing  the  80  and  200M  sizes,  contractors  were  without 
means  of  making  the  desired  adjustments.     Consequently  there  was 
considerable  lost  time  and  low  production  on  account  of  frequent 
plant  adjustments  and  calibrations  and  also  many  specification 
violations . 

It  became  common  practice  for  contractors  to  produce  the  re- 
quired fines  by  severe  crushing.     This  resulted  in  very  little 
coarse  aggregate  above  the  h  inch  sieve  size  and  compounded  the 
excess   -40M  problem.     Since  the  aggregates  are  very  hard,   it  also 
increased  wear  and  power  requirements  of  the  crushing  equipment. 
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The  aggregate  mixtures  with  high  -40M  were  quite  sensitive 
to  over-asphalting.     The  asphalt-sand  matrix  was  within  a  volume 
range  which  tended  to  prevent  larger  aggregate  from  making  bear- 
ing contact  so  they  were  partially  floating  in  the  matrix.  It 
was  observed  that  vibratory  rolling,  over  rolling,  or  traffic 
compaction  often  forced  some  sand-asphalt  matrix  to  the  surface 
which  effected  a  good  moisture  seal,  but  became  glazed  and  was 
slippery  especially  when  wet. 

INVESTIGATIVE  PROCEDURES 

1.     SOURCE  CHARACTERIZATION  SURVEY 

In  order  to  ascertain  gradation  characteristics  of  the  natural 
gravel  deposits,  several  sites  along  the  river  were  chosen  for 
statistical  analyses.     Data  was  taken  from  the  files  of  completed 
projects  which  were  located  at  more  or  less  equal  distances  apart 
and  which  provided  a  large  number  of  samples.     The  sketch  map, 
Figure  1,  identifies  and  locates  the  chosen  test  sites. 

Natural  gravel  deposits  occur  generally  throughout  the  total 
reach  of  the  river.     The  later  deposits  generally  are  of  the  best 
quality.     There  are  older  deposits  located  on  higher  terraces 
scattered  along  the  river  benches  which  are  generally  of  lower 
quality  in  that  they  have  been  more  or  less   infiltrated  with  high 
swelling  fines.     The  Glendive  site  is  the  only  higher  terrace, 
older  deposit  included  in  this  study.     It  is  a  clean,  good  quality 
aggregate  but  has  different  grading  characteristics  from  the  other 
river  level  deposits. 

Gradation  characteristics  as  determined  by  computer  analyses 

of  3200  samples  are  presented  in     graphical  form  in  Figures  2 
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through  7. 


Computer  analyses  were  also  made  on  gradation  records  of 
crushed  aggregates  which  were  produced  and  stockpiled  from  the 
pit  sources.     This  was  done  to  characterize  the  paving  aggregates 
that  had  been  produced  to  meet  the  governing  Standard  Specifica- 
tion.    Figures  8  through  13  show  the  results  of  these  analyses. 

The  specification  in  force  under  which  these  aggregates  were 
produced  required  the  following  gradation: 


Screen 
Size 

3/4" 
1/2" 
3/8" 
4M 
10M 
40M 
80M 
200M 


Percent 
Pass  ing 

100 
80-100 
70-  90 
50-  70 
33-  47 
15-  25 
9-  18 
4-  10 


Aggregate  preparation  required  a  three  bin  split  for  pro- 
portioning aggregate  sizes,  with  a  -10M  bin  split  mandatory. 

2.     LABORATORY  INVESTIGATIONS 

The  laboratory  investigation  consisted  of  testing  bituminous 
aggregate  mixtures  with  gradation  being  the  principle  variable. 

The  Marshall  method  was  used  in  primary  evaluation  of  the 
mixtures  for  stability,  flow,  and  voids  analyses.     Selected  mix- 
tures were  checked  for  Hveem  Stabilometer  test  criteria  and  for 
Retained  Strength  after  water  immersion. 


Certain  experiments  were  designed  to  evaluate  the  effects  of 
different  compactive  efforts,  aggregate  fracture,  and  asphalt  and 
mineral  filler  contents. 


The  purpose  of  the  laboratory  investigation  was  to  determine 


the  asphal t - aggregate  mixture  having  the  most  likelihood  of  accom- 
plishing the  objectives  of  this  study  i.e.,  result  in  a  more  satis- 
factory pavement  and  relieve  some  of  the  production  problems 
historically  associated  with  the  Yellowstone  River  aggregate 
sources.     Aggregate  used  in  this  phase  of  the  study  was  obtained 
from  a  commercial  source,  Empire  Sand  and  Gravel  at  Billings. 
Well  over  a  ton  of  aggregate  was  used  in  preparing  laboratory 
specimens.      (See  Summaries  1  through  4) 

The  findings  from  this  phase  of  the  study  were  checked  for 
validity  and  applicability  to  the  Hathaway  East  aggregate  source 
preparatory  to  designing  a  full  scale  field  trial  on  Project 
1-94-4(27)119  U-l. 

3.     FIELD  TRIALS 

The  two  most  promising  mixtures  as  determined  by  laboratory 
investigation  were  given  a  full  scale  field  trial  on  Project 
1-94-4(27)119  U-l,  Hathaway  East.     An  extra  work  order  for  the 
contractor  provided  for  the  production  of  approximately  100  tons 
of  each  of  the  two  mixtures  which  were  incorporated  into  the  pav- 
ing project. 

Compaction  characteristics  were  determined  by  varying  rolling 
equipment  and  sequences.     Field  control  testing  was  done  by  the 
Division  Materials  personnel.     In-place  compacted  densities  were 
obtained  with  a  nuclear  gauge. 

The  finished  pavement  was  cored  and  analyzed  for  conformance 

to  the  special  design  requirements.     Skid  resistance  was  measured 

on  the  completed  experimental  sections  to  compare  with  the  adjacent 

pavement  which  was  constructed  under  Standard  Specifications. 
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The  preferred  experimental  mixture  which  evolved  was  speci- 
fied by  special  provisions  for  Projects  1-94-1(41)   23,  Pompeys 
Pillar-East,  and  1-94-1(33)35  and  1-94-1(36)43,  Custer  East  and 
West.     This  is  not  only  providing  an  opportunity  for  further  re- 
finement of  a  specification  but  is  also  providing  a  basis  for 
determination  of  cost  effectiveness. 

4.     NARRATIVE  ON  HISTORICAL  DATA 

The  problem  in  the  Forsy th-Miles  City  area  can  easily  be 
seen  from  Figures  2  through  7.     At  Livingston,  90%  of  the  pit 
samples  show  20%  between  -4M  and  +  4QM.     At  Glendive  the  -4+40M 
on  901  of  the  pit  samples  shows  38%.     At  Miles  City  the  -4+40M 
portion  is  only  13%. 

The  Type  III  specifications  require  a  mininum  of  50%  passing 
the  4M  and  a  maximum  of  25%  passing  the  40M.     This  indicates  at 
least  12%   -4+40M  material  has  to  be  manipulated  into  the  compo- 
site, an  extremely  difficult  task.     Field  personnel  have  main- 
tained that  a  25%  spread  between  the  -4+40M  when  certain  other 
sizes  have  to  be  controlled  is  intolerable.     Waivers  were  suggest- 
ed and  sometimes  acknowledged  to  allow  up  to  32%  passing  the  -40M 
(more  recently  up  to  30%) . 

On  the  few  projects  in  which  waivers  were  not  allowed,  the 
highest  degree  of  flushing  is  taking  place:     1-94-3(24)83  U-l, 
Forsyth-West ,   1-94-3(23),  Rosebud-East,  and  1-94-4(29)153,  Praire 
County  Line-West.     No  one  anticipated  this  problem  as  high  asphalt 
contents  were  designed  and  recommended.     The  field  reduced  asphalt 
contents  in  some  cases  and  the  flushing  still  occurred.  This 
leads  to  further  arguments  that,  rather  than  the  high  amount  of 
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-40+200M  material  being  a  bad  ingredient,  it  may  be  most  import- 
ant to  reduce  flushing.  The  particular  size  may  be  impeding  the 
migration  of  asphalt. 

The  following  data  compares  two  projects  constructed  of  mat- 
erial from  the  same  pit  of  Yellowstone  River  gravels.     It  will 
justify  the  above  suspicions  and  further  emphasize  the  credita- 
bility  of  this  study. 


Figures  A  and  B  represent  the  mix  designs  and  below  is  com- 
parison data  from  construction  records. 


1  I-IG-94-3(13) 83  U-l 



I-IG-94-3(24) 83  U- 

1 

Paved  -  1967 

Paved  -  1971 

3/4"  Type  III  Plant  Mix 

3/4"  Type  III  Plant  Mix 

|  Average  of  Field 

Average  of  Field 

Gradation  Tests 

Gradation  Tests 

Screen 

Percent 

Screen 

Percent 

Size 

Passing 

Size 

Pass  ing 

3/4  •*«•»••■•• 

100 

3/4"  .   

.  100 

1/2"  

97 

1/2" 

97 

3  /  8 ' '  

84 

3/8"  

86 

4M  

57 

4M  ......  . 

53 

10M  

43 

10M  

37 

40M  

31 

40M  ....... 

22 

80M  

13 

80M   . 

11 

200M  

4.9 

200M   . 

5.8 

F.M.    f-4M  Fractions)  . 

3.51 

F.M.    (-4M  Fractions)  3.91 

Ave,  Marshall  Results: 

Ave.  Marshall  Results: 

Density  ...... 

2.33 

Density   .    .    .  . 

2.36 

Stability   

1051 

Stability   .   .  . 

1473  1 

7 

Flow     .    .    .    .  . 

13 

Voids   

5.71 

2.6% 

Percent  asphalt  used  . 

6.4% 

Percent  asphalt  used  6.5% 

Asphalt  Grade     .    .100-120  A.C. 

Asphalt  Grade.    .120-150  A.C. 

Specific  Gravity   .   .  . 

1.035 

Specific  Gravity  . 

1.027 

Supplier   ....  Continental 

Plant   .     .   Cedar  Rapids, 

batch 

Plant.    .    .  Cedar  Rapids , batch 

Size     ......      .    7500  lbs. 

Size   ......   12,000  lbs. 

Rollers  -  Steel,  Rubber, 

Steel 

Rollers     -     Vibratory,  Steel 

Asphalt  Additive   .    .  . 

None 

Asphalt  Additive  . 

None 

None 

Admixture     .    .    .  1 

h%  Fly  Ash  1 

(See  Figure  J  for  Graphical  Analysis) 
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Project  I-IG  94-3(13)83  U-l   is  now  in  its  ninth  year  of 
service  and  the  pavement  is  satisfactory.     Project  I - IG -94  -  3  (24) 
83  U-l  is   in  the  fifth  year  of  service  and  is  not  satisfactory; 
the  pavement  has  flushed  to  extreme  and  will  be  overlaid  with  an 
open  graded  friction  course  to  provide  skid  resistance. 

The  most  significant  differences  that  may  be  causing  the 
undesirable  slickness  are: 

1.  Amount  of  -40M  material 

2.  \h\  Fly  Ash 

3.  Rollers  used 

4.  Voids 

Pavements  in  Rosebud  and  Custer  Counties  constructed  with 
Yellowstone  River  gravel  had  not  experienced  such  severe  flush- 
ing until  the  amount  of  -40M  material  was  reduced. 

Fly  ash  may  have  a  lubricating  effect  in  the  mix  because 
of  its  particle  structure. 

The  use  of  pneumatic  rollers  affects  the  surface  texture 
as  shown  in  Exhibit  "A".     This  type  of  rolling  may  be  densifying 
the  mixture  with  less  displacement  of  the  aggregate  sizes. 

It  has  also  been  argued  that  we  are  over  densifying  the  pave- 
ments with  Yellowstone  River  aggregates.     The  arguments  have  vali- 
dity when  a  comparison  is  made  of  the  voids -density  relationships. 
Higher  voids  are  shown  in  good  pavements  before  there  were  re- 
quirements and  maybe  higher  voids  are  important  for  Yellowstone 
River  Aggregates.     However,  this  is  difficult  to  study  histori- 
cally because  of  the  varied  specific  gravity  values.     This  variance 
is  caused  by  different  methodology  and  concept.     Bulk  and  apparent 
specific  gravity  were  used  to  compute  voids  and  with  certain  agg- 
regates this  makes  considerable  differences:  bulk  gravity  always 

computes   a   lower  numerical   void  value. 
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To  illustrate  this  point,  the  mix  design  on  Figure   B  shows 
the  aggregate  having  2.63  and  2.71  specific  gravities.  These 
gravities  are  apparent.     The  Forsyth  Ready  Mix  Company  secures 
concrete  aggregates  from  the  same  source  and  the  bulk  gravities 
shown  on  concrete  aggregate  reports  are  2.59  and  2.62.     Using  bulk 
specific  gravities  to  compute  voids,  Project  1-94-3(24)83  U-l 
would  have  0.8%  voids  in  lieu  of  2.6%. 

In  summaries  1,   2,  and  3  the  specific  gravity  of  aggregate 
used  to  compute  voids  and  VMA  is  apparent  ,  so  the  low  void  numbers 
may  reflect  only  aggregate  voids  and  not  inter-particle  voids. 
The  flushing  problem  may  be  further  aggravated  in  Yellowstone 
River  aggregate  asphaltic  pavements  when  there  is  insufficient 
inter-particle  voids. 

The  field  questioned  the  gradation  requirements  on  the  latter 
project  as  the  Immersion-Compression  results  show  nearly  100%  more 
retained  strength  using  higher  - 4M  +200M  fractions.  Regardless, 
fly  ash  was  added  to  overcome  the  low  cohesion  values  affected  by 
water  so  that  gradation  specifications  would  not  have  to  be  waived 

The  above  information  is  not  shown  to  compare  durability. 
Both  surface  courses  appear  durable  and  should  give  service  beyond 
the  20-year  life.     It  is  to  expose  the  flushing  problem,  added 
costs  and  excessive  waste  of  aggregates. 

Earlier  it  was  reported  that  the  high  -40M  fraction  was  caus- 
ing a  tender,  over-sanded  mix.     It  is  important  here  to  note  that 
one  project  referred  to  as  having  laydown  problems  attributed 
to  high  -40M  fraction  also  had  limestone  dust  for  mineral  filler. 
Similar  laydown  problems  were  also  encountered  on  Project 


F-157(19)  U-l   (Yellowstone  River  Aggregate)  having  a  lower  -40M 
fraction  in  compliance  with  standard  Type  III  specifications  and 
had  limestone  dust  for  mineral  filler.     Perhaps,   laydown  problems 
are  associated  with  mineral  filler.     Mats  with  -40M  as  high  as 
401  have  been  laid  without  difficulties.      (See  Figure  G  and  K) 

This  writer  was  in  the  Miles  City  division  when  the  first 
hot  plant  mix  was  placed  in  the  area.     The  mix  contained  Yellow- 
stone River  Aggregate  with  a  -40M  +  200M  fraction  averaging  28%, 
This  section  of  asphalt  pavement  still  carries  heavy  traffic.  It 
serves  as  a  section  of  interstate  highway  East  of  Miles  City, 
There  has  been  little  maintenance  and  is  evidence  that  durable 
pavements  exist  with  high  -40M  fractions.     Since  1954  several 
Yellowstone  River  aggregate  asphalt  pavements  were  placed  with 
high  -40M  and  without  mineral  filler.     They  are  in  Rosebud  and 
Custer  Counties  and  are  still  in  good  condition.     (See  Figure  I) 

Personnel  in  the  Miles  City  division  have  been  critical  of 
the  standard  Type  III  plant  mix  specifications  using  Yellowstone 
River  aggregates  for  several  reasons,  but  mainly:  excessive 
crushing  costs,  excessive  waste  of  aggregates,  the  extra  cost  of 
mineral  filler  because  of  reducing  the  -40M  +  200M  fraction  and 
the  possibility  of  over  asphalting  a  mix  with  lower  -40M  +200M 
fractions  * 

In  1971,  a  secondary  section  of  road  located  in  the  vicinity 

of  Rosebud,  Montana  was  paved  with  Yellowstone  River  aggregate. 

The  pavement  was  constructed  using  1"  maximum  size  aggregate  with 

specifications  on  the  4M  and  200M  similar  to  plant  mix  base.  The 

asphaltic  mixture  exhibited  good  behavior  and  instigated  some 

thoughts  about  studying  coarser  size  aggregates  for  Type  III  Plant 
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Mix  Surfacing.      (See  Figures  G  and  K) 

Research  on  the  above  subject  was  started  in  1972  with 
several  benefits  anticipated. 

The  initial  work  on  the  research  project  was  laboratory 
investigation.     (See  summaries  1  through  4)     From  this  data,  an 

experimental  project  evolved.     Paving  was  in  progress  on  Project 

1-94-4(27)119  U-l  so  experimental  mixtures  and  varied  rolling 

procedures  were  incorporated  into  the  project.     (Summaries  5 

and  6  and  Figure  C)     Some  of  the  skid  numbers  on  summary  No.  6 

are  invalid  because  of  short  test  sections  and  slick  areas.  The 
abnormal  load  noted  in  summary  No.   5  has  flushed  and  asphalt  is 
being  tracked  onto  test  sections  5  and  4.     The  other  problem  is, 
approximately  120  feet  in  length  is  needed  to  accurately  perform 

skid  tests  by  the  method  used;  test  section  No.   6  is  only  25 
feet  long. 

Another  matter  concerning  the  experimental  project  that  needs 
explanation  is  that  of  the  coarse  aggregates,  - l"+3/4"  material 

had  to  be  secured  from  stockpiles  of  screened,  rounded  aggregates 
rather  than  crushed,  freshly  fractured  aggregates.     The  briquette 
of  low  Marshall  stability  value   (477)  was  examined  and  a  cluster 
of  coarser  aggregates  with  some  of  the  rounded  material  was  found. 
Comparing  this  specimen  to  ones  of  higher  values  it  was  concluded 
that  the  rounded  aggregates  and  positioning  of  coarse  aggregate 

in  the  briquettes  attributed  to  the  abnormal  stability  value. 

The  success  of  the  experimental  project  and  evaluation  of 
laboratory  data  proved  that  further  field  trials  were  justified. 
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Figures  D,  E,  and  F  show  the  designed  mixes  and  below  is  relative 
information  retrieved  from  the  project  records,. 


Average  of  Progress  Record  Samples 


Screen      1  1-94-1  (33)  35  $ 
Size        1 1-94-1(36)43 

1-94-1(41) 23 

RF-384(6) 

1 " 

100 

100 

100 

3/4" 

100 

96 

99 

1/2" 

85 

83 

89 

3/8" 

68 

71 

70 

4M 

47 

47 

45 

10M 

33 

37 

35 

40M 

24 

28 

26 

80M 

12 

15 

8 

200M 

6,0 

5,6 

3.6 

%  Asph, 

5  .  1 

5.5 

5.7 

Core 
Dens  ity 

142 

142 

143 

Marshall 
Dens  ity 

147 

144 

%  Voids 

(App . Spec , Gr  . ) 
5.1 

Stab . lb 

778 

Three  Monitor  samples  were  taken  on  Project  1-94-1(41)23 
and  checked  for  immersion  compression  -  retained  stability.  (1) 
89.3%,    (2)     97,3%,     (3)     99.9%.     The  mix  design  showed  70.4%. 
52  monitor  samples  taken  from  Project  1-94-1(33)35  and  1-94-1(36) 
43  were  checked  for  immersion  compression  -  retained  stability. 
These  samples  showed  an  average  of  92.9%  with  the  low  being  75.3% 
and  the  high  127,3%,     The  initial  value  was  57.6%  as  shown  on  mix 
design.     Graphical  Analysis  of  gradation  is  shown  on  Figure  H. 
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CONCLUSIONS 

The  durability  of  Yellowstone  River  aggregate  asphaltic 
pavements  of  high  -40M  +  200M  fraction  versus  lower  -40M  +  200M 
can  not  be  compared  yet. 

Records  show  most  of  the  projects  discussed  in  this  report 
contain  asphalts  ranging  in  grade  from  100  to  200  penetration. 
Good  performance  can  be  found  with  all  grades.     There  were  prob- 
lematic differences  using  asphalt  from  one  refinery  to  another 
but.   this  subject  is  beyond  the  scope  of  this  study. 

Summaries  1  through  3  show     that  the  increased  compactive 
effort  increases  stability  and  density  while  decreasing  voids. 
The  gradation  with  1"  maximum  size  shows  higher  stabilities  than 
the  3/4"  size  with  normal  compactive  effort  and  increases  ac- 
cordingly with  greater  compactive  effort.     But  the  75  blow  com- 
pactive effort  develops  voids  in  extremely  low  ranges.     Long  term 
in-place  studies  would  be  needed  to  determine  the  validity  of 
using  the  increased  compactive  effort. 

The  relationships  of  gradation ,  asphalt  content,  and  Marshall 
values  are  too  varied  to  single  out  the  most  ideal  mixture.  Each 
mix  design  will  still  have  to  be  considered  for  uniqueness  and 
further  examination, 

The  various  specific  gravities  of  the  asphal t -aggregate 
mixture  should  be  employed  when  evaluating  voids. 

The  asphalt -aggregate  fines  relationship  has  to  be  carefully 
scrutinized  to  avoid  over  asphalting. 


Aggregate  gradation  can  be  altered  to  vary  the  "Effect  of 
Water  on  Cohesion  of  Compacted  Bituminous  Mixtures"  -  AASHTO 
T-165-74. 

Observations  of  surface  texture  and  skid  resistance  on 
experimental  test  sections  should  be  continued. 

RECOMMENDATIONS 

Until  many  years  have  elapsed  and  durability  can  realistical- 
ly be  compared,   it  is  recommended  for  the  interim  to  use  gradation 
specifications  known  to  reduce  production  costs,  prevent  wasting 
of  materials,  and  insure  against  over  asphalting. 

Friction  courses  would  insure  a  good  skid  resistant  surface  and 
their  use  is  urged  for  this  type  of  aggregate. 

The  recommendations  are  as  follows: 


Grade  A 

Alternate 
Grade 

Screen 
Size 

Percent 
Pass  in g 

Percent 
Pass  ing 

100 

3/4" 

90-  98 

100 

1/2" 

75-  90 

80-100 

3/8" 

60-  80 

70-  90 

4M 

40-  55 

50-  70 

10M 

30-  40 

33-  47 

40M 

15-  28 

15-  33 

80M 

9-  18 

200M 

3-  8 

3-  10 

Supporting  data  for  recommended  gradation  limits  is  graphi- 
cally shown  on  Figures  H  and  I. 

1.     BENEFITS  BY  USING  PROPOSED  GRADATION 

As  can  be  seen  from  the  data  on  laboratory  tests  and  trial 
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projects,  the  asphalt  content  can  be  lowered  while  maintaining 
satisfactory  Marshall  values.     Figures  h  through  K,  reveal  that 
the  ratios  of  fine  sizes  are  conducive  to  easing  the  problem  of 
manipulating  equipment  and  materials  in  Yellowstone  River  aggre- 
gates.    Graphs  2  through  7  show     the  following  gradations  for 


90%  of  the  pits : 


Adjusting  to  40%  -4M 
(Bottom  of  Proposed 
Gradation  Limits) 

Screen 
Size 

Percent 
Pass  ing 

Percent 
Pass  ing 

4M 

53 

40 

;  10M 

36 

40M 

40 

30 

80M 

13 

10 

200M 

6 

4.5 

F.M. 

3.40 

3.  79 

The  gradation  comparison  above  indicates  most  of  the  fines 
that  need  to  be  removed  can  be  rejected  by  pre -screening .  Thus, 
processing  by  crushing  will  be  lessened  considerably.     The  pro- 
cessing circuitry  will  still  have  to  manufacture  some  -4  +40M 
material  but,  by  eliminating  the  80M  requirements  and  reducing 
the  -4M  +40M  amount,  the  task  will  be  less  difficult.  The 
Fineness  Modulus  of  the  -4M  fractions  is  increased,     This  supports 
one  of  the  objectives  of  this  study,  that  is,  to  develop  a  grada- 
tion which  will  lower  the  asphalt  demand,     In  other  words,  the 
coarser  fines  will  lessen  the  amount  of  asphaltic  binder  in  the 
matrix . 

At  the  time  of  this  writing,  feedback  on  trial  projects  tends 
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to  show  that  a  more  skid  resistant  surface  has  been  developed. 
Surveillance  on  this  matter  should  be  continued  for  several  years. 

The  alternate  gradation  is  being  furnished  for  a  special 
purpose.     All  Yellowstone  River  deposits  submitted  for  proposed 
surfacing  should  be  thoroughly  investigated  during  pre -construc- 
tion stages.     If  it  is  found  that  water  severely  effects  the  co- 
hesion of  compacted  bituminous  mixtures  designed  under  Grade  A, 
then  the  alternate  gradation  should  be  employed  for  further  ex- 
amination.    For  certain  sources  this  gradation  may  prove  to  be 
more  beneficial. 

2.     COMPARISON  OF  MATERIALS  AND  COSTS 

A  cost  comparison  of  two  projects   located  between  Custer 
and  Forsyth  was  undertaken.     The  two  projects  were  constructed 
with  hot  plant  mix  surfacing  using  Yellowstone  River  Aggregates. 
The  comparison  shows  that  in  1970  the  standard  Type  III  Plant  Mix 
was  bid  at  $4.15  per  ton.     In  1973  the  Type  III  Plant  Mix  with 
aggregate  gradation  similar  to  the  proposed  Grade  A  of  this  study 
was  bid  at  $3.05  per  ton.     Current  production  costs  are  impossible 
to  ascertain  from  bid  prices  but,  through  conversations  with  bid- 
ders, it  appears  we  are  realizing  a  savings  of  at  least  $1.00  per 
ton  when  the  proposed  gradation  is  used. 

In  the  same  comparison,  the  asphalt  content  was  reduced  from 
6.51  to  5.1%  by  using  the  coarser  aggregate.      (The  gradation  was 
not  the  sole  factor  for  the  1.4%  reduction  in  asphalt  content, 
however . ) 

Although  the  above  comparison  indicates  an  asphalt  reduction 
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of  1.41,  Project  RF-384(6),  Forsyth -Northwest ,  which  was  con- 
structed in  1975  under  the  Grade  A  specification,  contains  5.7% 
asphalt.     This  is  a  more  realistic  value  and  we  are  expecting  the 
average  reduction  in  asphalt  contents  to  be  about  0.751. 

Coupling  the  lower  production  costs  with  lesser  asphalt 
quantities,  savings  of  over  $150,000  can  be  anticipated  for  each 
100,000  tons  of  mix.     Along  with  the  monetary  savings,  there  will 
be  a  conservation  of  materials  and  energy. 

IMPLEMENTATION  OF  RESEARCH 

The  recommended  gradation,  Grade  A,  has  been  incorporated 
into  Montana's  Supplemental  Specifications  especially  for  projects 
using  Yellowstone  River  Aggregate. 

The  use  of  the  alternate  gradation  band,  changes  in  Marshall 
compactive  effort  and  deviations  in  rolling  procedure  will  be  in- 
corporated in  projects  through  Special  Provisions  when  it  can  be 
proved  that  these  changes  are  necessary. 

OTHER  STUDIES  GENERABLE  FROM  THIS  INVESTIGATION 

1.  Asphalt  analyses 

a.  Crude  variance 

b.  Refinery  variance 

c.  Chemical  properties 

2.  Index  aggregates  for  use  with  soft  or  hard  asphalts 

3.  In-place  density  study  on  existing  pavements  to  determine 
the  density-voids  relationship  of  flushed  to  non-flushed 
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mats  . 

4.  Standardize  the  method  of  computing  voids. 

5.  Pneumatic  versus  vibratory-steel  rolling  for  surface 
texture . 

6.  Effects  of  Mineral  Filler  in  Asphaltic  Mixtures 

a.  Laydown 

b.  Compare  the  effect  of  water  on  cohesion  of  compacted 
mixtures  -  fresh  to  old. 

c.  Flushing 

7.  Determine  the  validity  of  immersion-compression  testing 
for  certain  aggregates . 

8.  Develop  specifications  compatible  to  other  zones  in 
Montana . 
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INTER-DEPARTMENTAL  MEMORANDUM 


DEPARTMENT  OF  HIGHWAYS 


Experimental  Research 
Project  on  the  Hathaway- 


To. 


Kenneth  G.  Rapp,  P.  E 


Supr.-Div.  Constr.  Section 


Subject:    East  Road 

Project  I  94-4  (27)  119 
Date       May  16,  1974 


Frnm  Art  Rrant.,  Division  Materials  Supervisor  II 


This  experiment  featured  the  use  of  various  plant  mixes  under  field  conditions.  It's 
purpose  was  twofold:     To  search  for  a  better  utilization  of  surfacing  materials  by  changing 
aggregate  size  and  gradation  percentages;  and  to  observe  surface  texture  with  different 
types  of  rolling. 

The  project  was  observed  May  15,  1974.     In  general,  it  appears  that  the  mat  is 
structurally  as  good  in  the  test  sections  as  in  the  rest  of  the  project. 

The  only  comments  that  can  be  made  this  soon  after  construction  would  be  on  the 
textural  appearance. 

All  test  sections  appear  coarser  textured  than  the  normal.     However,  the  greatest 
degree  of  coarseness  is  in  the  sections  where  pneumatic  rolling  was  employed. 

At  this  time,  it  looks  like  our  gradation  requirements  could  be  changed  to  utilize 
larger  and  more  coarse  material. 

Observation  will  be  continued. 


AB:mmv 

cc:     Div.  File 
Div.  Lab 
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EXPLANATION  OF  FIGURES  2  THROUGH  13 

Pit  samples  and  stockpile  samples  were  paired  in  Graphs 
2  through  13  for  sieve  sizes  3/4",   1/2",  4M,   10M,  40M,  80M,  and 
200M.     Some  of  the  pit  sample  aggregate  was  retained  on  sieves 
coarser  than  the  3/4".     However,  this  aggregate  material  was 
included  in  the  calculations  of  percent  passing  for  each  sieve 
size. 

Since  all  available  data  was  used  in  the  preparation  of  the 
graphs,   included  in  the  data  was  a  very  small  percentage  of  sam- 
ples that  obviously  did  not  conform  to  the  majority  of  the  data. 
This  material  generated  a  fringe  effect  of  approximately  one  half 
of  one  percent  at  both  ends  of  some  of  the  curves.     This  is 
especially  notable  in  the  curves  for  the  total  length  of  the 
Yellowstone  River.     When  the  curves  are  used  for  comparison  and 
analysis,  the  fringe  areas  can  generally  be  ignored. 

To  provide  a  base  for  comparison  of  the  data  for  different 
locations  on  the  same  graph,  the  data  was  converted  to  percent 
of  sample  for  each  sieve  size.     The  ordinate  of  each  graph  is 
the  cumulative  percent  of  sample,     The  absissa  is  the  percent  of 
sample  passing  the  indicated  sieve  size.     Therefore,  each  point 
on  a  curve  represents  the  percent  of  samples  that  has  less  than 
or  equal  to  the  corresponding  percent  passing  the  designated 
sieve  size.     For  example,  on  Graph  1,  to  find  the  percent  of  stock- 
pile samples  along  the  length  of  the  Yellowstone  that  has  at  least 
95%  of  the  aggregate  tested  passing  the  1/2"  sieve,  locate  the 
95%  on  the  absissa  of  the  graph,  project  up  to  where  it  inter- 
sects the  curve  for  all  Yellowstone  River  samples,  then  project 
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across  to  the  ordinate  axis.  The  value  would  be  90.5  percent  of 
the  samples. 


The  graphs  illustrate  a  definite  decrease  in  coarseness  of 
the  aggregate  as  the  samples  are  taken  in  an  East  direction  along 
the  Yellowstone  River.     Table  A  is  an  example  of  the  change  in 
aggregate  gradation  in  the  pit  samples  along  the  Yellowstone 
River  on  the  3/4"  and  10M  sieves.     Table  B  is  an  example  of  how 
the  gradation  of  the  aggregate  varies  in  stockpile  samples  along 
the  Yellowstone  River  on  the  1/2"  and  10M  sieves.     The  12  graphs 
and  the  2  tables  illustrate  the  great  difficulty  of  using  a  single 
set  of  aggregate  specifications  for  highway  construction  along 
the  Yellowstone  River  Valley. 

TABLE   A    -   PIT  SAMPLES 


Location 

Percent  Passing 
3/4"  Sieve 

Percent  Pass  ingl 
10M  Sieve 

@  10% 

@  90% 

\     %   10%        |  @  90%) 

Livingston 
Park  City 
Forsyth 
Miles  City 
Glendive 
Yellowstone  R. 

0 

52.0 
67.5 
72.0 
67.5 
53.0 

59.5 
65.0 
84.5 
8  3.5 
86.0 
82.5 

21*5(2) 

23.0 

26.0 

30.5 

24.0 

23.0 

35.5 
33.0 
48.0 
48.0 
47.0 
51.  5| 

TABLE   B    -   STOCKPILE  SAMPLES 

Location  (3) 

Percent  Passing 
1/2"  Sieve 

Percent  Passing 
10M  Sieve 

@  10% 

<§  90% 

@  10% 

@  90% 

Livingston 
Park  City 
Forsyth 
Miles  City 
Yellowstone  R, 

80.5 
87.5 
94.5 
93.5 
82.0 

90.5 
90.0 
97.5 
96.0 
95.0 

56 .0  (2) 
33.5 
35  .0 
32  .5 
33.0 

43.0 
40.0 
44.0 
44.5 
44.0 

(1) 


(2) 


At   the   Livings  ton  location    there   was   10  percent  of  the 
pit  samples    that  had  at  least  21.5  percent  of  the 
aggregate  passing   the   10M  sieve. 

At    the   Livingston   location   there  was   10  percent  of  the 
crushed  and  stockpiled  samples    that  had  at   least  36.0 
percent  of  the   aggregate  passing  the   10M  sieve. 


(3) 


There  were  no  avai lable  s  tockpi le  samples  in  the 
Glendive  area. 
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GRAPH  OF  PIT  SAMPLES 
FIGURE  NO.  2 


50  60  70  80 

PERCENT  PASSING    THE   3/4"  SCREEN 
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GRAPH  OF  PIT  SAMPLES 

FIGURE  NO.  3 


GRAPH  OF  PIT  SAMPLES 

FIGURE  NO.  5 


GRAPH  OF  PIT  SAMPLES 
FIGURE  NO.  6 


GRAPH  OF  PIT  SAMPLES 

FIGURE  NO.  7 


GRAPH  OF  STOCKPILE  SAMPLES 

FIGURE  NO.  8 


GRAPH  OF  STOCKPILE  SAMPLES 

FIGURE  NO.  9 


30  40  50  60 

PERCENT   PASSING    4M  SCREEN 
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GRAPH  OF  STOCKPILE  SAMPLES 
FIGURE  NO.  10 


GRAPH  OF  STOCKPILE  SAMPLES 

FIGURE  NO.  11 


PERCENT   PASSING    40M  SCREEN 
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GRAPH  OF  STOCKPILE  SAMPLES 

FIGURE  NO.  12 


GRAPH  OF  STOCKPILE  SAMPLES 

FIGURE  NO.  13 


Lab. Form  No. 606 
(Rev .9-30-66  ) 


FIGURE  A 

STATE  HIGHWAY  COMMISSION  OF  MONTANA 
Materials  Section 


REPORT  ON  B I  TUMI  NOUS -AGGREGATE  Plant  MIX  TYPE  HI 

Lab. No.    544735  Sample  No.      1     Proj.No.    I-IG  94-5(13)85  U-l  

Termini  Forsyth   -  West  

Date  Sampled    '6-21-67  Date  Received  6-26-6/ 

Submitted  by  Jim  Cahill  Title  Lab . Tech . IV  Address~Mi les  City,  Mont 
Lab. No.   of  Pit      305190-212  Sample   taken  at~  Stockpile 


TEST  RESULTS  ON  AGGREGATE 


As  Rec'd. 

Ad  jus  ted 

Screen 

Percent 

Percent 

LL      NP  PL 

NP 

PI  NP 

Si  ze 

Passing 

Passing 

Dust  Ratio    17  % 

-4+10  15 

3/4" 

.     1 00 

.  100 

Sp .Gr .of  Agg .  F 

•  2, 

70  C. 2  .  72 

1/2" 

99 

Vol .   Swell  5.5* 

Fracture     88  % 

3/8" 

4M 

56 

17 

_% 

+  5  /8 

10M 

46 

42 

41 

% 

-3/8    +  10 

40M. 

34 

50 

JOB-MIX  42 

% 

-  10 

80M 

12 

12 

FORMULA              6  .  5 

% 

100-120  AC 

200M 

4.5 

5.0 

None 

% 

Min  .  Filler 

TEST  RESULTS  ON  TRIAL  BITUMINOUS  MIXES 


Proportioning 

Mineral 
Filler 

Densi ty 
GM/CC 

% 

Voi  ds 

lb  . 
Stabili ty 

Fl  ow 

Appearance 

%  Asphalt 

%   -  lOMesh 

L_JL_5  . 

42 

2 .27  9.20 

1447 

7 

Normal 

!  6.0 

42 

2  .28 

8.06 

1447 

8 

Normal 

6  .  5 

42 

2,51 

6.10 

1887 

7 

Normal 

7,0 

42 

2  .  50 

6.12 

1601 

8 

Normal 

7  .  5 

42 

2  .  51 

4.94 

1569 

11 

Slight  Rich 

6.5 

42 

No  Fill. 

2  .  29 

6.91 

1588 

6 

Normal 

U%  6.8 

42  I 

ime  Dust 

2.27 

7  .72 

1647 

8 

Normal 

fc*  6.8 

l  42 

Flv  Ash 

2  .  55 

5  .28 

1628 

7 

Normal 

IMMERSION-COMPRESSION  RESULTS 


Type  of 
Filler 

%  Asph . 

Ori gi nal 
Str.  (A) 

Str.  After 
Imme  rs  ion (B) 

%  Retained 
Str.  (B/A) 

%  Retained 
Strength  (B/ANF) 

None 

6.5 

5265 

5610 

110  .  5 

110  .  5 

H%  Hyd. 
Lime 

6.8 

5550 

108.7 

W  Lime- 
Dust 

6.8 

5585 

109.8 

h%  Fly 
Ash 

6.8 

5500 

107.1 

REMARKS : 


DISTRIBUTION: 

1   -  W.   K.   Brittain,  Glendive 
3  -  John  VanVynck,  Miles  City 
1  -  Don  Smail ,  Helena 
1  -  S,   F.  Weber,  Helena  -35- 
1   -  Laboratory  File 


4/  Lukmcin  8.  Fox 


lah 


ENGINEER  Tll1v  7r  ,Q,7 

DATE  REPORTED  July  1^0/ 


Lab. Form  No. 606 
(Rev .9-30-66) 


FIGURE  B 


STATE  HIGHWAY  COMMISSION  OF  MONTANA 
Materials  Section 

REPORT  ON  BITUMINOUS-AGGREGATE  Plant  MIX  TYPE  III 


Lab. No. 417399 
Termini 


_Sample  No.  

Forsvth  -  West 


Proj . No 


I-IG-94-3(24)83  U-l 


'8-31-71 


Date  Received 


9-3-71 


Date  Sampled 

Submitted  by  j\m  Cahill  Title  Tech.  IV  AddressMiles  City,  Mont 
Lab. No.   of  Pit^fm  90-221  5   260569     Sample   taken  at  Stockpile 


TEST  RESULTS  ON  AGGREGATE 


Screen 
Si  ze 

As  Rec'd. 

Ad  jus  ted 

LL                         PL  PI 
Dust  Ratio          %  -4+10 

Percent 
Passing 

Percent 
Passing 

3/4" 
1/2" 
3/8" 
4M 
10M 
40M. 
80M~ 
200M 

100 

Sp.Gr.of  Agg.   F.    2.63  C.  2.71 

96 

96 

Vol.   Swell!. 5  %  Fracture       88  % 

80 

82 

Sand  Equivalent  55 

44 

5  1 

Initial            18              %    -3/4   +  3/8 

34 

3  8 

Bin  Split       44             %   -3/8  +  10 

19 

2  2 

30BXMZX       38             %  -10 

10 

mmVKK  7.0   -   7.3  %  120/150 

3.5 

5.3 

lh             %  Min .  Filler 

TEST  RESULTS  ON  TRIAL  BITUMINOUS  MIXES 


Proportioning 

Mineral 
Filler 

Densi ty 
GM/CC 

% 

Voids 

lb. 
Stabili ty 

Fl  OW 

Appearance 

%  Asphalt 

%  -  Mesh 

5.5 

38 

None 

2  ..  1  8 

11.74 

565 

10  3 

Slight  Dry 

6.0 

38 

None 

2  .  i  9 

10.61 

583 

io  i 

Jormal 

6.5 

38 

None 

2.23 

8.61 

738 

ii  ] 

Jormal 

7.0 

38 

None 

2.25 

7.02 

881 

12  < 

slight  Rich 

7.0 

38 

None 

2.19 

9  .  SO 

1047 

10 

slight  Rich 

7.3 

38 

Hyd . Lime 

2  .23 

7.08 

1119 

10  ■ 

Slight  Rich 

7.3 

38  I 

ime  Dust 

2.23     |  7.47 

1250 

11  Slight  Rich 

7.3 

38 

Fly  Ash 

2.27     I  5.81 

1190 

10  flight  Rich 

IMMERSION-COMPRESSION  RESULTS 


Type  of 
Filler 

%  Asph. 

Original 
Str.  (A) 

Str.  After 
Immersion (B) 

%  Retained 
Str.  (B/A) 

%  Retained 
Strength  (B/ANF) 

None 

7.0 

2780 

1540 

55.4 

Hydratec 
Lime 

7.3 

3495 

125.7 

Limestone 
Dust 

7.3 

*  i 

3220 

115.8 

Fly  Ash 

7.3 

3068 

110.4 

REMARKS : Substitute  this  for  report  dated  9-21-71 


c  .K  .E 


c 

F 


3.1 
3  .  3 


DISTRIBUTION: 

Dist .Eng . ,Bi llings 
Div .Eng , , Miles  City 
Const .Eng . , Helena 
S.F. Weber, Helena 
Lab .File 


%  Adhesion  Bitumen  Adhesive  Agent 

None 


40 
90 
98 
90 
95 


A/C 
A/C 
A/C 
A/C 
A/C 


%%   Asph.  Add. 
1\%  Hyd.  Lime 
lh%  Fly  Ash 
3%   Fly  Ash 
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Lab. Form  No. 606 
(Rev .3-31-76) 


STATE  OF  MONTAMA 

DEPARTMENT  OF  HIGHWAYS 
Materials  Bureau 

PLANT  MIX  SURFACING,  TYPE  TTT 
PLANT  MIX  BASE/  GRADE  . 


FIGURE  C 


ROAD  MIX  SURFACING,  GRADE  

Proj . No  .     I  94-4  (27)  119  U-l 


Lab. No.    425780  Sample  No .  1 
Termini  ■  Hathaway  -  East 


Date  Sampled^-24  -72' 
Sampled  by 


L.  S.Nelson 


 Date  Received  ~ 

Title  Tech.    IV        Address  Miles  City,  Mont 


Submitted  by 


Ti  tie 


Address 


Lab. No.  of  Pit  219617-637 


Sample  taken  at  Stockpile 


TEST  RESULTS  ON  AGGREGATE 


As  Rec'd. 

Adjusted* 

Screen 
Si  ze 

Percen t 
Passing 

Percent 
Passing 

LL        NP            PL     NP               PI  NP 
Dust  Ratio           Sand  Equiv. 

1-1/2" 

—  . — ,  , 

Sp.Gr.of  Agg.     F.    2.68  C.2.68 

1  " 

Vol .Swell   3.7     %  Fracture       70  % 

3/4" 

100 

100 

Hard 

1/2"- 

96 

96 

C,  K •  E.  VALUES 

3/8" 

85 

85 

Fines     4.7           Coarse  4.2 

4M 

52 

53 

Recommended : 

10M 

40 

38 

40M 

24 

26 

6.5  %   120/150         Asphalt  Cement 

80M 

12 

10 

%       None           Mineral  Filler 

200M 

6.9 

3.5 

*For  Preliminary  Job-Mix  Formula 

TEST  RESULTS  ON  TRIAL  BITUMINOUS  MIXES 


MARSHALL  RESUL 


Min  .   Fill  .  Proportioning 


%     |  Type     \%  Asphalt \% -i QMesh 


Densi ty 
GM/CC 


lb.  {Appear- 
Voids [Stability \Flow\  ance 


5-5 

38 

2  .25 

8,91 

964 

8  s; 

.ight  Dr! 

6.0 

38 

2  .27 

7  .  35 

945 

10 

Normal 

6.5 

38 

2  .28 

6.56 

952 

10 

Normal  j 

7.0 

38  2.30 

1  4.96 

1047 

12 

Rich 

MIX  DESIGN 

1.5  H 

jc\  limp 

6,8 

3  8 

7  .  30 

5  .  34  [ 

1079 

11 

Normal 

1.5  I, 

i  mftDiis  t 

6,8 

38 

2.30 

5-341 

937 

10 

Normal 

1  .  5 

Fly  Ash 

6.8 

38 

7.79 

5.76 

866 

11 

Normal 

IMMERSION-COMPRESSION  RESULTS 

 ADH 

ESI  ON  RESULTS 

Min.  Fill. 

\%  Retained 

%  Adhesion 

Adhesive  Agent 

% 

% 

Type 

%  Asphalt 

Strength 

None 

6.5 

74.0 

85 

None 

1  .5  H 

6.8 

94.8 

90 

\sphalt  Additive 

T.5 

1.5  I, 

imePust 

6.8 

93.7 

95 

Hvd.  Mme 

L .  5 

1  .5 

Flv  Ash 

6.8 

97.3 

95 

Fly  Ash 

1,5 

7-0 

Flv  Ash 

6.8 

98.6 

REMAR 

KS: 

DISTRIBUTE 
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2  Supr . Div .Const .Sec. Miles  Citv 
1  Div .Lab .Supr .  Miles  City 

1  Sr .Asst .Chf .Const .Bur ., Helena 


Admin .Maint . Div . f Helena 

S . F . Weber , He lena 
Lab.  File 


Lab. Form  No. 606 
(Rev .3-31-76 ) 


STATE  OF  MONTANA 

DEPARTMENT  OF  HIGHWAYS 
Materials  Bureau 


FIGURE  D 


PLANT  MIX  SURFACING,  TYPE. 
PLANT  MIX  BASE/  GRADE  


ROAD  MIX  SURFACING/  GRADE. 


Lab. No. 458618 
Termini 


_S ample  No.  2  5899Proj . No . 

-r.nst.er-F.ast       West   fWest  Section! 


I-94-1T36U3 


Date  Sampled      7  -30-74  Date  Received 

Sampled  by         H.    Peter sonTi  tie     DMS  1  _Address 

Submitted  by  "  Title        "  Address 


-1-74 


Billings 


Lab. No.   of  Pi t 400004-011 


Sample   taken  at 


Stockpile 


TEST  RESULTS  ON  AGGREGATE 


Screen 
Si  ze 

As  Rec'd. 

Adjusted* 

Percen t 
Passing 

Percent 
Passing 

1-1/2" 
1  " 
3/4" 
1/2"- 
3/8" 
4M 
10M 
40M 
80M 
200M 

 1 

100  ' 

100 

88 

89 

62 

64 

49 

52 

35 

39 

31 

34 

25 

28 

9 

10 

5  . 1 

5  ,  7 

NP 


PL 

20  " 


LL_ 

Dust  Ratio 
Sp .Gr .of  Agg . 
Vol. Swell  2.5 


NP 


PI 


NP 


Sand  Equiv .  50 
F.  2.72  C.  2  .69 
%  Fracture 


64  % 


Fines 


Hard 

C.  K.  E.  VALUES 

3  .  0  Coarse 


4  .  3 


Recommended : 


%  120/150 


None  % 


None 


Asphalt  Cement 
Mineral  Filler 


*For  Preliminary  Job-Mix  Formula 


TEST  RESULTS  ON  TRIAL  BITUMINOUS  MIXES 


Min .   Fill . 

Proportioning 

Densi ty 
GM/CC 

% 

Voids 

lb  . 
Stabili ty 

Flow 

Appear- 
ance 

%     |  Type 

%  Asphalt  %  _zi  Mesh 

ASPHALT  CONTEN" 

1  None 

None    S  4.5 

39 

2  .  31 

8.0 

1312 

16 

Normal 

None 

None 

5  .  0 

39 

2  .  33 

6.8 

1162 

12  S 

L  ighRicl 

None 

None 

5  .  5 

39 

2  .  32 

6.8 

1019 

15 

Rich 

None  1  None 

6.0 

39 

2  .  35 

4.9 

929 

12  V. 

jry  Rid 

MIX  DESIGN 

Nnnp 

Nnnp 

5  .  0 

39 

2.35 

6-0 

935 

18 

Normal 

1  .  5.  F 

vH  Limes 

5.3 

39 

2,38 

4,4 

912 

16 

Normal 

?,  ,0 

Fly  Ash 

5.4 

7>9 

2.35, 

6-0 

.916 

15 

Normal 

2-0  K 

iln  Dus 

t  5,4 

39 

2  .  36 

5.6 

866 

17 

Normal 

IMMERSION- 

COMPRESSION 

RESULTS 

Min.  Fill. 

%  Asphalt 

%  Retained 
Strength 

% 

Type 

None 

None 

f.O 

i  56.2 

1.5  Y 

yd . Lime 

5.3 

139.0 

2.0 

Fly  Asl 

5.4 

94.9 

2.0  t 

iln  Dus 

t  5.4 

85.0 

REMAR 

KS: 

ADH 

ESI  ON  RESULTS 

%  Adhes ion 

Adhesive  Agent 

% 

25 

AC  None 

80 

AOAsphalt  Add. 

7  5 

AU+Fave  bond 

l.in 

7U 

AL  +  Kim  Dust 

1  .  5% 

85 

AL+Fly  Ash 

1 .  5 

9U 

AL+Hyd .  Lime 

1.5 

DISTRIBUTIO 

n; 

2  Supr .Div. Const . Sec .  ^il 1 ings 
I  Div.  Lab  .Supr  .  Ri  1  1  i  ngs 


-38- 


1  Sr .Asst . Chf . Const .Bur . , Helena 


Admin .Maint . Div . , Helena 

1  S .F . Weber , Helena 
1  Lab. Pile 


Lab . Form  No, 606 
(Rev. 3-31-76) 


STATE  OF  MONTANA 

DEPARTMENT  OF  HIGHWAYS 

Mate-rials  Bureau 


FIGURE  E 


PLANT  MIX  SURFACING,  TYPE. 
PLANT  MIX  BASE,  GRADE 

ROAD  MIX  SURFACING,  GRADE. 

4  sks 


III 


Lab. No.  465419  Sample  iVo  7 2  6  2  7  Sproj  .  No  .  I  94-1(41)23 
Termini  .Pompey ' s  Pillar   -  East 


Date  Sampled 
Sampled  by 

Submitted  by  " 
Lab. No.  of  Pi t 405424-429 


TTT5  

TT.   Petersonyi  tie 
Ti  tie 


Date  Recei ved  ^~ 
PM5  1        Address"5  iTTings 
Address 


23-7  5" 


Sample  taken  at  Stockpile" 


TEST  RESULTS  ON  AGGREGATE 


I  Screen 

As  Rec ' d . 

Adjusted*} 

Percen t 

Percent  I 

Si  ze 

Passing 

Passing  J 

1-1/2" 

1  " 

100  6 

100  1 

3/4" 

94 

96 

1/2"- 

76 

80 

3/8" 

62 

67 

4M 

42 

44 

10M 

32 

33 

I  40M 

26 

23 

80M 

12 

1  2 

200M 

5  .  2 

5.4 

LL 


NP 


PL 


NP 


P I 


Dust  Ratio      20  Sand  Equi v .  

Sp.Gr.of  Agg.  F ,  2.71  C .  2 
Vol .Swell    4.8     %  Fracture 


NP 

71 
74% 


Fines 


Hard 
C,  K •  E 


Coarse 


3.5 


i?econiaended 

5  to  6%  120/150 
%  None 


Asphalt  Cement 
Mineral  Filler 


*For  Preliminary  Job-Mix  Formula 


TEST  RESULTS  ON  TRIAL  BITUMINOUS  MIXES 


  MARSHALL  RFS1JI ..TS 

Min .   Fill .         Proportioning  [Density!  % 


%     |  Type     j  %  Asphal  t\%-  lOAfesh  j  GM/CC  {Voids 


lb. 

Stability [Flow 


Appear-] 
ance 


ASPHALT  CONTEN 
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TEST  RESULTS  ON  AGGREGAT! 
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FIGURE  G 


GRAPHICAL  ANALYSIS 

A  comparison  of  a  Yellowstone  River  Terrace  deposit  and  the 
band  of  proposed  specifications.     This  deposit  is  located  in  Sect. 
29  -  T6N  -  R42E  in  Rosebud  county  and  was  used  as  1"  Plant  Mix  Bit- 
uminous Surfacing   (Seal  and  Cover)   on  Project  No.   S-252  (3)  U-l, 
Rosebud  -  South. 
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FIGURE  H 


Legend : 

A=  1-94-1(33)35    and   1-94-1(36) 43 
X  =  1-94-1 (41) 23 
O   =  RF-384 (6) 
  =  Specification   Band    (Proposed   Grade  A) 


M2- 


FIGURE  I 


GRADATION  ANALYSIS  YELLOWSTONE  RIVER  AGGREGATE 


This  figure  shows  the  average  gradations  of  four  hot  plant  mix 
pavements  exhibiting  good  behavior.     Their  graph  lines  are  banded  by 
the  proposed  alternate  specifications. 
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FIGURE  J 


GRAPHICAL  ANALYSIS 

COMPARING  AVERAGE  CONSTRUCTION  SAMPLE  GRADATION  AND 
AVERAGE  PRECONSTRUCTION  SAMPLE  GRADATION 


The  source  is  represented  by  Laboratory  Numbers  303190  -  212  and  is 
a  Yellowstone  River  Terrace  Deposit  located  South  of  the  river  and  West 
of  Forsyth,  Montana.     Projects  1-94-3 (13) 83  U-l  and  1-94-3 (24) 83  U-l 
contain  paving  aggregates  from  this  pit. 


Legend  : 

0   =  1-94-3(13)83  U-l 

X   =  1-94-3(24)83  U-l 

/\  =  Precons  truction  Pit  Samples 
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FIGURE  K 


GRAPHICAL  ANALYSIS 

A  COMPARISON  OF 
PRECONSTRUCTION  PIT  SAMPLES  AND 
PROGRESS  RECORD  SAMPLES 


The  aggregate  samples  used  in  this  study  are  from  the 
Yellowstone  River  Terrace  deposit  located  in  Section  29  - 
T6N  -  R42E  in  Rosebud  County.     They  were  used  on  Project  No. 
S-252 (3) -Ul ,  Rosebud-South.     All  15  samples  were  non^plastic. 


Legend 

0  Preconstruction  (average  of  12) 
X  Progress  Record   (average  of  3) 


SUMMARY  NO.  1 


To  study  in  detail  the  effect  on  the  plant  mix  design  by 
varying  the  aggregate  gradation,  a  very  large  sample  of  aggre- 
gate was  obtained  from  the  crushed  stockpile  of  the  Billings 
Empire  Sand  and  Gravel  Company.     The  gradation  of  the  stock- 
pile is  shown  in  TABLE  NO.   1-1.     To  adjust  the  material  to  a 
coarser  gradation,  an  arbitrary  6%  was  chosen  to  be  retained  on 
the  3/4"  screen.     The  resulting  changes  in  the  percentages  are 
shown  in  TABLE  NO.  1-1. 


TABLE  NO.  1-1 


Original 

6%  Adjusted 

Screen 

Stockpile 

Stockpile 

Size 

Gradation  % 

Gradation  % 

1" 

100 

3/4" 

100 

94 

1/2" 

91 

86 

3/8" 

74 

70 

4M 

49 

46 

10M 

40 

38 

40M 

27 

25 

80M 

10 

9.4 

200M 

4.5 

4.2 

To  observe  what  effect  that  changing  the  percent  passing 
the  4M  sieve  would  have  on  the  plant  mix  samples,  the  percent 
passing  the  4M  was  increased  in  increments  of  51.     The  follow- 
ing procedure  was  utilized  to  proportion  the  percent  passing 
for  each  sieve  based  on  the  changes  on  the  4M  sieve.     First,  a 
ratio  was  calculated  by  dividing  the  adjusted  value  on  the  4M 
by  the  original  value  on  the  4M.     Second,   to  determine  the  per- 
cent passing  on  each  sieve  finer  than  the  4M,  the  original  value 
was  multiplied  by  the  value  in  step  one.     The  third  step  was  to 
determine  the  percent  passing  on  each  sieve  coarser  than  the  4M. 
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The  original  value  on  each  sieve  was  subtracted  from  1001. 
It  was  then  multiplied  by  the  ratio  of  100%  minus  the  adjusted 
percent  passing  the  4M  divided  by  100%  minus  the  original  percent 
passing  the  4M.     The  new  value  on  the  sieve  is  equal  to  100  per- 
cent minus  the  value  just  calculated.     An  example  of  this  pro- 
cedure is  shown  in  TABLE  NO.   1-2  as  46%  passing  the  4M  sieve  is 
adjusted  to  51%  and  the  effect  of  this  change  is  proportioned 
to  all  sieve  values. 

TABLE  NO.  1-2 


Original 

Adj  us ted 

Screen 

Value 

Value 

Size 

(%  Passing) 

Calculations 

(%  Passing) 

1" 

100 

100-[(100-100)R] 

100 

5/4M 

94 

100-[(100-  94)R] 

95 

1/2" 

86 

100-  [(100-  86)R] 

87 

3/8" 

70 

100-  [  (100-   70)R]  (1) 

73 

4M 

46 

5%  adjustment 

51 

10M 

38 

(38)  (51/46) 

42 

40M 

25 

(25) (51/46) 

27 

80M 

9.4 

(9.4) (51/46) 

10  .  3  1 

200M 

4.2 

(4.2) (51/46) 

4.6  1 

(1)      R  =    ( 100-51) /  (100-46) 


The  first  set  of  asphalt -aggregate  mixtures  is  shown  on 
summary  No.   1-1.     From  this  series  of  tests,  evolved  the  set 
of  mix  designs.     The  percent  passing  the  40M  sieve  was  select- 
ed to  be  33,  25,   and  20.     The  asphalt  content  used  in  this  set 
of  designs  was  6.0%,  6.3%,   and  6.5%.     For  the  tests  in  the 
third  set  of  data,  the  aggregate  gradation  was  formulated  in  the 
following  manner:     First,  the  percent  passing  the  4M  sieve  was 
adjusted  to  45%  from  51%  and  all  the  finer  sieves  were  propor- 
tioned to  reflect  the  change  on  the  4M.     Second,  a  value  of  30% 
passing  the  40M  sieve  was  selected  to  be  studied.     The  asphalt 
content  for  the  third  set  was  selected  to  be  5.5%,  6.0%,  and  6.5%. 
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SUMMARY  NO.  1-1 


1.  Constant  Asphalt 

2.  Vary  4M 

3.  Add  6%  on  3/4"  Screen 
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27 

30 
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10 

9.4 

10.3 

11.4 

12.5 

200M 

4.5 

4,2 

4.6 

5.1 

5.6 

%  Asphalt 

6.3 

6.3 

6.3 

6.3 

Hammer 
Blows 

50 

50 

50 

50 

VMA 

18.6 

19.5 

19.4 

20.2 

Density 

2.35 

2.33 

2.32 

2.30 

%  Voids 

4.08 

4 . 90 

5.31 

6.12 

Corrected 
Stability 

1329 

1221 

1312 

1414 

Flow 

10 

7 

7 

9 
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SUMMARY  NO.  1-2 


1.  %  Asphalt  6.0%9  6.3%,  6.5%,  and  7*0% 

2.  Derived  from  #2 

3.  Varied    the  #40  and  proportioned  finer  screens 
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20 

80M 

10 

12.5 
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12.5 

9  J 
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12, c 

9.2 

7-4 

12.  .3 
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4.5 

5.6 

4,2 

3.4 

5.6 

4.2 

3.4 

4.2 

3,4 

5,e 

%  Asphalt 

6.0 

6.0 

6.0 

6.3 

6.3 

6.3 

6.5 

6,5 

6,5 

7.0 

Hammer 
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75 

75 

75 

75 

75 

75 

75 

75 

75 

75 
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18.7 

18.0 

18.3 

18.6 

18.0 

18.7 

18.4 

17.0 

18.4 

18.8 

Density 

2.34 

2.36 

2.35 

2,35 

2.37 

2.35 

2.36 

2.39 

2.36 

2.35 

%  Voids 

4.88 

4.07 

4.47 

4.08 

3.27 

4.08 

3.28 

1.64 

3.28 

3.29 

Corrected 
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1715 

1575 

1223 

1536 

1635 

1509 

1590 

1608 

1547 

1404 

Flow 
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8 

0 

8 

10 

0 

10 

9 

0 

9 
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SUMMARY  NO,  1-3 


1.  %  Asphalt  5.5,  6.0,  6,5,  7.0 

2.  Derived  20%  #40  and  adjusted  #4  from 
51$  to  45  and  proportioned  finer  screens 
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30 
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30 
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30 

30 
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10 

6.5 

11 

6.5 

11 

6.5 

11 

11 

200M 

4.5 

3,0 

5.0 

3.0 

5.0 

3.0 

5,0 

5.0 

%  Asphalt 

5.5 

5.5 

6.0 

6.0 

6,5 

6.5 

7.0 

Hammer 
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75 

75 
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75 
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17.6 

17.7 

17.7 

17.7 
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18 . 4 
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2.35 
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2.38 

2.36 

2.36 

%  Voids 

4,86 

4.95 

3.66 

3.66 

2.46 

3.28 

2.48 

Corrected 
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1641 

1486 

1739 

1508 

1678 

1209 

1130 

Flow 

9 

8 

9 

9 

11 

11 

.  11  . 
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SUMMARY  NO.  2 


The  experiments  summarized  on  SUMMARY  NO.   2  were  designed  to 
study  the  effect  of  a  plant  mix  design  with  aggregate  gradations 
based  on  the  Montana  Department  of  Highways  specification  for  a 
Type  III  asphalt  pavement  and  the  Fuller's  Curve.     To  further  ex- 
plore the  effects  of  these  aggregate  gradations,  the  asphalt  con- 
tents were  varied  by  one  half  of  one  percent  and  the  compactive 
effort  on  one  half  of  the  tests  were  increased  by  50%.  The 
Montana  Department  of  Highway  specifications  for  a  Type  III  plant 
mix  are  shown  in  TABLE  NO.  2-1. 


TABLE  NO.  2-1 


Screen 

Percent 

Experiment 

Size 

Pass  ing 

Values 

3/4" 

100 

100 

1/2" 

80-100 

90 

3/8" 

70-  90 

80 

4M 

50-  70 

60 

10M 

33-  47 

40 

40M 

15-  25 

20 

80M 

9-  18 

13.  5 

200M 

4-  10 

7.0 

The  values  chosen  as  shown  in  TABLE  NO.   2-1  for  the  design  were 
the  average  value  for  each  screen  size.     The  percent  of  asphalt 
was  adjusted  in  increments  of  one  half  of  one  percent  from  5.5% 
to  7.5%.     There  was  a  compaction  of  50  and  75  blows  from  the  hammer 
of  the  Marshall  compactor  for  each  of  the  asphalt  percentages  for 
both  the  average  Type  III  and  the  Fuller  Curve  designs. 
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SUMMARY  NO.  2-1 


1.  Middle  of  Type  III  Spec. 

2 .  50  and  75  Hammer  Blows 
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5  6 

7 

8 

9 

10 

1" 

3/4" 

100 

 r 
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1/2" 

90 

\ 

90 

3/8" 

80 

80 
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60 
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60 
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40 

y 



40 

40M 

20 

y 

*  

20 

80M 

13.5 

 y 

V"  ■ 

13.5 

200M 

7 

y 

- 

X 

7 

%  Asphalt 

5.5 

6.0 

6.0 

6.5 

■- 

6.5 

— 

7.0 

7.0 

7.5 

7.5 

Hammer 
Blows 

50 

75 

50 

75 

50 

75 

50 

75 

50 

75 

VMA 

19.8 

17.3 

19.8 

17.7 

19.1 

17.4 

19.5 

18.5 

19.6 

18.9 

Density 

2.29 

2.36 

2.31 

2.37 

2.34 

2.39 

2.35 

2.38 

2. 36|2. 38 

%  Voids 

7.28 

4.45 

6.10 

3.66 

4,10 

2.05 

3.29 

2  .06 

2.07 

1.24 

Corrected 
Stability 

878 

1668 

955 

1671 

1079 

1352 

1063 

1160 

1007 

1211 

Flow 

7 

9 

8 

9 

9 

11 

10 

13 

12 

18 

Immersion  Compression,  Retained  Strength  at  6.51  asphalt  -  98.1 


SUMMARY  NO.  2-2 


1.  Fullers  Curve 

2.  50  and  75  Hammer  Blows 
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Hammer 
Blows 

50 

75 

50 

75 

50 

75 

50 

75 

50 

75 

VMA 

18.9 

17  .0 

18.9 

17.7 

18.5 

17.8 

18.1 

18.8 

19.5 

19.2 

Density 

2.33 

2.37 

2.36 

2.37 

2.36 

2.38 

2.38 

2.37 

2.36 

2.37 

%  Voids 

5.67 

4  .05 

4.07 

3.66 

3.28 

2.46 

1.65 

2.07 

2.01 

1.66 

Corrected 
Stability 

851 1 1420 

865 

1231 

865 

1263 

873 

1168 

738 

966 

Flow 

8 

7 

8 

7 

9 

9 

10 

10 

12 

13 

Immersion  Compression,  Retained  Strength  at  6.01  asphalt  -  89.7% 
(See  graphs  page  54  ,  55  ,   and  56  . ) 
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SUMMARY  NO.  3 


The  experiments  summarized  on  SUMMARY  NO.    3  were  designed 
to  study  the  effect  of  adjusting  the  percent  passing  the  40M 
screen  by  5%  increments,  adjusting  the  asphalt  content  by  one 
half  of  one  percent  increments,  and  increasing  the  compactive 
effort  by  50%.     To  maintain  a  uniform  aggregate  gradation  for 
the  experiments,  the  plus  40M  material  was  held  constant  for 
all  tests  and  the  minus  40M  material  was  proportioned  to  the 
appropriate  percent  passing  the  40M  value.     The  compactive 
effort  was  conducted  on  the  test  samples  with  either  50  or  75 
blows  from  the  hammer  of  a  Marshall  compactor.     The  percent 
of  asphalt  content  was  varied  by  one  half  of  one  percent  from 
5.51  to  7.5%   for  each  change  in  value  on  the  40M  screen  and 
each  change  in     the  compactive  effort  on  the  test  samples. 
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SUMMARY  NO.  3-1 


1.  Varied  %  Asphalt 

2.  Varied  #40 

3.  Varied  Hammer  Blows 


1 

2 

3 

4 

5 

6 

7 

8 

l" 

3/4" 

100 

■ — . 

100 

1/2" 

91 

91 

3/8" 

74 

— 

74 

4M 

55 

55 

10M 

42 

42 

40M 

25 

30 

35 

40 

25 

30 

35 

40 

80M 

8.9 

10  .7 

12.5 

14.3 

8.9 

10.7 

12.5 

14  .3 

200M 

4.0 

4.8 

5.6 

6.4 

4.0 

4.8 

5.6 

6.4 

%  Asphalt 

5.5 

5.5 

5.5 

5.5 

.5.5 

5-5 

5.5 

5.5 

Hammer 
Blows 

50 

50 

50 

50 

75 

75 

75 

75 

VMA 

21.6 

21.4 

21.6 

23.7 

18.7 

19.4 

19.1 

19.6 

Density 

2.24 

2.25 

2.24 

2.23 

2  .32 

2.  30 

2.31 

2.29 

%  Voids 

9.31 

9.04 

9.31 

9.90 

6  .07 

6  .90 

6.48 

7.29 

Corrected 
Stability 

642 

684 

719 

637 

1484 

1243 

1650 

1469 

Flow 

8 

9 

7 

8 

7 

7 

6 
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SUMMARY  NO.  3-2 


1.  Varied  %  Asphalt 

2.  Varied  #40 

3.  Varied  Hammer  Blows 


9 

10 

11 

12 

13 

14 

15 

16 

1" 

3/4" 

100 

 ^-c 

— 

100 

1/2" 

91 

"V. 

91 

3/8" 

74 

,_  . 

74 

4M 

55 

55 

10M 

42 

42 

40M 

25 

30 

35 



40 

25 

JO 

35 

^0 

80M 

8.9 

10.7 

12.5 

14  .  3 

8,9 

10.7 

12,5 

14.3 

200M 

4.0 

4.8 

5.6 

6.4 

4.0 

4.8 

5.6 

6.4 

%  Asphalt 

6  .  0 

6  .  0 

6  .  0 

6  .  0 

1  

6  .0 

6  .  0 

6  .  0 

6  .  0 

Hammer 
Blows 

50 

50 

50 

50 

 1 

75 

75 

75 

7  5 

VMA 

21  .  3 

20  .  9 

21  .  7 

22  .  2 

18  .  4 

20  .  2 

18.8 

20  .  2 

Density 

2.27 

2  .28 

2  .  26 

2  .  25 

2  .  35 

2  .  30 

2  .  34 

2  .  30 

%  Voids 

7  .7  3 

7  .  32 

8.13 

8  .  70 

4  .47 

6  .  50 

4  .88 

6  .50 

Corrected 
Stability 

77  2 

709 

718 

617 

1579 

1037 

1560 

1407 

Plow 

8 

8 

7 

7 

8 

8 

8 

7 
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SUMMARY  NO.  3-3 

1.  yaried  %  Asphalt 

2.  Varied  #40 

3.  Varied  Hammer  Blows 


17 

18 

————— 

ZU 

O  1 

Z 1 

Z  6 

1  /I 

2  4 

1" 

3/4" 

100 

< 

100 

1/2" 

91 



91 

3/8" 

74 

< 

 ■  1 

74 

4M 

55 

' — 

55 

10M 

42 

 V 

42 

40M 

25 

30 

35 

40 

25 

30 

35 

40 

80M 

8  .  9 

10. 7  1      12.5  1  14.3 

8.9 

10  .7 

12 . 5 

14 . 3 

200M 

4  .  0 

4.sl  5.6 

6  ,  4 

4.0 

4.8 

5.6 

6.4- 

%  Asphalt 

6.5 

6.5 

6.5 

6.5 

6 . 5 

6.5 

o .  5 

6 . 5 

Hammer 
Blows 

50 

50 

50 

50 

75 

75 

75 

75 

VMA 

20.8 

20.2 

21.6 

21.6 

18.5 

20.2 

19.3 

20.2 

Density 

2  .29 

2.29 

2.27 

2.27 

2.36 

2.31 

2.34 

2.31 

%  Voids 

6.15 

6.15 

6.97 

7.00 

3.28 

5.30 

4  .27 

5.33 

Corrected 
Stability 

825 

790 

793 

912 

1711 

1275 

1462 

1590 

Flow 

8 

8 

8 

8 

9 

10 

9 

I  7 
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SUMMARY  NO.  3-4 


1.  Varied  %  Asphalt 

2.  Varied  #40 

3 .  Varied  Hammer  Blows 


1 

2 

3 

4 

5 

6 

7 

8 

1" 

3/4" 

100 

-sj —  

■ — . 

 _ 

100 

1/2" 

91 

91 

3/8" 

74 

74 

4M 

55 

■   ■-■ 

■ — 

55 

10M 

42 

-* 

-  *r 

■> 

42 

40M 

25 

30 

35 

40 

25 

30 

35 

40 

80M 

8.9 

10.7 

12.5 

14.3 

8.9 

10.7 

12.5 

14.3 

200M 

4.0 

4.8 

5.6 

6.4 

4.0 

4.8 

5,6 

6,4 

%  Asphalt 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

Hammer 
Blows 

50 

50 

50 

50 

75 

75 

75 

75 

VMA 

21.3 

20.9 

21.6 

21.4 

18.9 

19.7 

19.7 

20.9 

Density 

2.30 

2.31 

2.29 

2.29 

2.32 

2.35 

2.34 

2.31 

%  Voids 

5.35 

4.94 

5.76 

5.60 

2.47 

3.40 

3.70 

4.94 

Corrected 
Stability 

939 

772 

888 

902 

1699 

1703 

1352 

1473 

Flow 
i  1 

7 

9 

7 

7 

9 

10 

10 

8 
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SUMMARY  NO.    3 -.5 


1.  Varied  %  Asphalt 

2.  Varied  #40 

3.  Varied  Hammer  Blows 


9 

10 

11 

12 

13 

14 

15 

16 

o/4  n 

1  00 

J.  v  U 



100 

J-  \J  \J 

J-/  £- 

Q 1 

74 

. — ■ 



 2**^  ,  

74 

4M 

III 

55 

55 

10M 

42 

> 

42 

4dm 

30 

0  n 
35 

4  0 

P  5 

J  u 

3  5 
J  P 

"  u 

80M 

\J  \J  11 

10 .  r 

J..  £i  a  j 

ill  n 
14  .  .1 

8  Q 

10  7 

1  P  5 

1  4  3 

PflOM 

d  U  U  ri 

4  n  0 

)i  Q 

4  . 0 

5  .  h 

4  n 

4  ft 

H  .  (J 

5  n" 

6  4 

/o    fio  \j  I  la.  J-  U 

7  5 

7  r 

7  r 

7  R 

7  R 
(  •  P 

7  ^ 
1  •  P 

7  ^ 
1  •  P 

Hammer 
Bl  ows 

■50 

50 

50 

50 

75 

75 

75 

75 

VMA 

20.9 

20.2 

21.3 

21.6 

19.7 

20  .2 

19.7 

20  .9 

Density 

2.32 

2.34 

2.31 

2.30 

2.  36 

2.34 

2.35 

2.32 

%  Voids 

3.73 

2.90 

4.15 

4.60 

2.07 

2.90 

2.49 

3.73 

Corrected 
Stability 

1005 

888 

918 

1003 

1494 

1497 

1252 

164^ 

Flow 

9 

10 

9 

10 

11 

11 

12 

11 
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SUMMARY  NO.  4 

Comparison  of  Marshall  Stability  (50  blows) 
Versus  Hveem  Stabilometer  Value 


Screen 

Gradation 

Size 

%  Passing 

2_  M 

100  1 

3/4  ii 

1/2" 

92 

3/»n 

82 

4m 

48 

10M 

31 

40M 

23 

BOM 

9 

200M 

4 

JS  Asphalt 

Marshall 
Stability 

Hveem 
Stab llometer 
Value 

5.25 

1286 

26 

5.75 

■  

1341 

 _ 

23 

6.25 

1260 

23 

6.75 
 _.  ...... 

1109 

15 
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SUMMARY  NO.  6 

1-94-4(27)119  U-l 
Hathaway -Eas  t 


A  1972  K.  J.   Law  Pavement  Skid  Resistance  Tester  was  used  to 
test  the  six  experimental  sites  for  skid  resistance  according  to 
the  ASTM  274  test  procedures.     Experimental  mixture  No.   1  was 
placed  at  Test  Sites  1,   2,  and  3.     Experimental  mixture  No.  2 
was  placed  at  Test  Sites  4,  5,  and  6.     The  plant  mix  designs  for 
the  two  experimental  mixtures  and  the  actual  plant  mix  designs 
are  described  in  Table  I. 


PLANT  MIX  DESIGNS  FOR  TEST  SITES 
TABLE  NO.  1 


Experimental 

Experimental 

Mixture 

No.  1 

Mixture 

No.  2 

Screen 

Des  ign 

Actual 

Des  ign 

Actual 

Size 

%  Passing 

%  Passing 

%  Passing 

%  Passing 

1" 

100 

100 

3/4" 

100 

100 

95 

95 

1/2" 

94 

95 

89 

91 

yy 

yy 

yy 

'lb 

4M 

47 

47 

47 

46 

10M 

32 

31.6 

32 

31.3 

40M 

24 

22.3 

24 

22.8 

80M 

8.8 

9.8 

8.8 

10.0 

200M 

4.0 

5.9 

4.0 

5.7 

%  Asph 

6.0 

5.7 

6.0 

5.6 

^2)      The  plant  mix  designs   are   the   same   for   the   3/8"   sieve  and 
below . 

The  new  project  and  the  test  sections  were  tested  in  1973 

when  the  pavement  was  new.     There  was  no  real  difference  in  the 

pavement  skid  resistance  of  the  normal  3/4"  plant  mix  design  and 

the  two  experimental  pavement  designs.     The  data  is  presented  in 

Table  Two.     Two  years  later  in  1975,  the  same  six  test  sites 

were  measured  again  for  skid  resistance.     The  test  site  for  test 

mixture  No.   1  had  a  superior  skid  resistance  to  test  mixture  No. 

2  by  an  average  of  20  skid  numbers. 
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TEST  SECTION  ON  1-94-4(27)119  U-l 


Test 
Site 

id) 

1973 
Skid  Resistance 
(SN) 
55.  50 
55.50 
55.00 

54.  75 
51.75 
51.  50 

55.80 

1975 

Skid  Resistance 
(SN) 
41.00 
46.33 
45.50 

31.50 
12.50 
21.50 

Change 
Skid  Resistance 
(SN) 
-14  .50 

-  9.17 

-  9.50 

-23.25 
-39.25 
-30  .00 

4(2) 
\(2) 
6(2) 

Control  normal 
job  plant  mix 

(3) 

(3) 

(1)  Experimental  Mixture  One 

(2)  Experimental   Mixture  Two 

(3)  Control    tests  were  not  taken 


TEST  SITE  LOCATIONS 

5274' 
125.4292 
125 . 5002 
125.5428 
125.7133 
125.  7511 
125.  7994 

The  Federal  Highway  Administration  recommends  that  the  skid 
resistance  for  a  paved  rural  highway  be  37  skid  (SN)  numbers. 
Therefore,  under  normal  procedures,  the  pavements  in  test  sites 
4,  5,  and  6  would  be  scheduled  for  resurfacing  due  to  a  slick 
pavement  condition  after  being  in  place  only  two  years. 


MP  125  =  Station  596+34 
MP  126  =  Station  649+08 


„,  10C  (61900  -  59634) 
#1  -  125  +    528O  


#2  .  125  +  (62275  -  59634) 


#3  =   125  + 


5280 
(62500  -  59634) 


5280 


#4  .  125  ,   (65400-59634)  . 


uc  ioc  (63600  -  59634) 
ffb  -   IZb  +  5280 

(63855  -  59634) 
#6  =  125  +  528O 


-75- 


-76- 


-78- 


